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2735-Symp
Flagellar Motor Remodeling and Filament Growth
Howard Berg.
Dept. of Molecular/Cellular Biology, Harvard University, Cambridge,
MA, USA.
As symposium chair, I will tell you a few things about bacterial motility that
E. coli knows, and then describe two recent vignettes, involving adaptation
at the output of the sensory-transduction pathway, and growth of flagellar fila-
ments. 1) Receptor methylation and demethylation are required for adaptation
on the second time scale, which enables cells to make temporal comparisons
and swim up spatial gradients of attractants. In the absence of the methyltrans-
ferase and the methylesterse, one still observes partial adaptation, on the minute
time scale. The motor shifts its operating point to accommodate new steady-
state levels of the response regulator CheY-P. When the concentration of
CheY-P decreases, the motor spins CCW and the number of copies of the
protein to which CheY-P binds, FliM, increases, partially restoring motor
sensitivity. 2) Flagellar filaments grow at their distal ends. The dogma in the
field asserts that they do so at a rate that decreases exponentially with length.
By labeling filaments twice, first with a green fluorescent dye and later with
a red fluorescent dye, we find that filaments grow at a constant rate. On average,
the lengths of red segments do not depend upon the lengths of green segments
from which they grew.
2736-Symp
Structural Insight into Torque Generation Mechanism of the Bacterial
Flagellar Motor
Keiichi Namba1,2.
1Graduate School of Frontier Biosciences, Osaka University, Suita, Japan,
2Riken Quantitative Biology Center, Suita, Japan.
The bacterial flagellum is made of a rotary motor and a long helical filament by
means of which bacteria swim. The flagellar motors of Salmonella and E. coli
rotate at around 300 Hz and drive rapid rotation of each flagellum to propel
cell movements. The mechanism of torque generation by the motor has been
intensively studied by many groups based on the torque-speed relationships
and the structure, but it has been elusive due to the lack of high-resolution struc-
tural information of the rotor and stator and their interactions. X-ray crystal
structures are available for some part of the rotor and switch complex compo-
nent proteins but no detailed information is yet available for their arrangement
in the motor assembly and also for the transmembrane and cytoplasmic
domains of the stator. A currently proposed 3D model of the rotor for torque
generation does not satisfy the stepping behavior of the motor observed by
single motor nanophotometry. We have been trying to solve the structure of
the flagellar hook-basal body by electron cryomicroscopy and single particle
image analysis in its isolated form from the membrane as well as by electron
cryotomography of the cell to visualize the basal body in situ. I will report
our current progress and discuss some structural insights into the torque gener-
ation mechanism.
2737-Symp
Assembly and Function of the Archaeal Motility Structure, the
Archaellum
Sonja-Verena Albers.
Max Planck Institute for Terrestrial Microbiology, Marburg, Germany.
Most archaea posses a motility structure, called the archaellum that is mainly
used for swimming, but can also play a role in adherence to surfaces. Although
the archaellum functionally resembles the bacterial flagellum, its structure and
assembly is reminiscent of bacterial type IV pili.
We use the crenarchaeal archaellum of Sulfolobus acidocaldarius as a model
system to understand its assembly, subunit interactions and how it can rotate.
The crenarchaeal archaellum is comprised of seven subunits: the archaellin,
FlaB, the structural subunit, FlaXFG, small monotopic membrane proteins of
unknown function, FlaH, an ATP-binding protein, FlaI, the motor ATPase
and FlaJ, the only polytopic membrane protein.
We showed that FlaI forms an ATP-dependent hexamer and its N-terminus is
involved in the switch between the rotation and assembly of the filament. FlaH
is a typical RecA like protein which can only bind ATP, but not hydrolyze it. Its
function in motor rotation or assembly is so far unknown. FlaX, a conserved
crenarchaeal archaellum protein, formed a large ring structure with a diameter
of 22 nm and interacted with FlaH and FlaI, presumably acting as a stator like
structure.
Biophysical studies like tethered motion particle analysis and optical tweezer
experiments are being used to understand the mode of rotation of the archael-
lum and will be presented.2738-Symp
Structure-Based Analysis of the Type III Secretion System for Antimicro-
bial and Vaccine Design
Natalie Strynadka.
University of British Columbia, Vancouver, BC, Canada.
Bacteria have evolved several dedicated and sophisticated assemblies to trans-
port proteins across their biological membranes. Recent advances in our under-
standing of the molecular details governing the specific actions of these protein
secretion systems has come from an integrated approach of x-ray crystallogra-
phy, NMR, mass spectroscopy, electron microscopy and in vitro reconstitution/
in vivo phenotypic analysis. Highlights of recent advances will be presented
with an emphasis on that of the Type III Secretion system, the so-called bacte-
rial injectisome encoded exclusively by pathogenic Gram negative strains
including Salmonella typhimurium, Yersinia pestis, Pseudomonas aeruginosa
and enteropathogenic Escherichia coli. A structure-based and genetic piecing
together of the Type III Secretion System indicates that more than two dozen
proteins assemble into a large needle shaped complex spanning the inner and
outer bacterial membranes as well as that of the infected host cell, providing
a direct conduit for the transport of essential bacterial virulence effectors
from bacterial to host cytosol. A molecular understanding of the Type III secre-
tion system being garnered from these studies provides the foundation for the
development of new classes of vaccines and antimicrobials to combat these
pathogens in the clinic and community.
Symposium: Biological Circuit Design
2739-Symp
Synthetic Biology: From Parts to Modules to Therapeutic Systems
Ron Weiss.
Massachusetts Institute of Technology, Cambridge, MA, USA.
Synthetic biology is revolutionizing how we conceptualize and approach the
engineering of biological systems. Recent advances in the field are allowing
us to expand beyond the construction and analysis of small gene networks to-
wards the implementation of complex multicellular systems with a variety of
applications. In this talk I will describe our integrated computational / exper-
imental approach to engineering complex behavior in living systems ranging
from bacteria to stem cells. In our research, we appropriate design principles
from electrical engineering and other established fields. These principles
include abstraction, standardization, modularity, and computer aided design.
But we also spend considerable effort towards understanding what makes
synthetic biology different from all other existing engineering disciplines
and discovering new design and construction rules that are effective for
this unique discipline. We will briefly describe the implementation of genetic
circuits and modules with finely-tuned digital and analog behavior and the use
of artificial cell-cell communication to coordinate the behavior of cell popu-
lations. The first system to be presented is an RNAi-based logic circuit that
can detect and destroy specific cancer cells based on their microRNA expres-
sion profiles. We will also discuss preliminary experimental results for obtain-
ing precise spatiotemporal control over stem cell differentiation for tissue
engineering applications. We will conclude by discussing the design and
preliminary results for creating an artificial tissue homeostasis system where
genetically engineered stem cells maintain indefinitely a desired level of
pancreatic beta cells despite attacks by the autoimmune response, relevant
for diabetes.
2740-Symp
Noise Suppression and Pulse Generation in a Microrna Feed-Forward
Loop
Timothy Strovas1, Alexander B. Rosenberg1, Georg Seelig2.
1Electrical Engineering, University of Washington, Seattle, WA, USA,
2Electrical Engineering and Computer Science & Engineering, University of
Washington, Seattle, WA, USA.
MicroRNA have long been known to aid in providing tissue identity or in
canalizing development, roles that require the long-term stable maintenance of
regulatory states. In particular, it has been suggested that a key role ofmicroRNA
is to help reduce noise in the expression of their target genes. However, so far,
there has been relatively limited quantitative experimental support for this hy-
pothesis. using synthetic regulatory networks stably integrated in a mammalian
cell line, we recently showed that microRNA can indeed dramatically reduce
noise due to variation in an upstream regulator but that this effect is highly de-
pendent on the regulatory context; noise suppression was most effective if the
miRNA was co-regulated with its target in an incoherent feed-forward loop
(IFFL). In an IFFL an upstream transcription factor activates the expression of
a downstream target gene while also, counter-intuitively, activating a negative
regulator — in this case a miRNA— that represses that same target gene.
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signaling and other pathways that dynamically respond to time-varying inputs.
We experimentally demonstrated temporal pulse generation in a synthetic
microRNA-based IFFL and thus showed that the same miRNA can participate
both in the generation of transient gene expression pulses in response to
a change in an upstream regulator and in buffering steady state expression
levels against such changes. We further showed that it is possible to modulate
pulse shape and fine-tune steady state levels by independently controlling the
relative expression levels of the miRNA, its upstream regulator, its downstream
target, and the interactions between them.
2741-Symp
Gene Expression Genomics
Sarah A. Teichmann.
Medical Research Council, Cambridge, United Kingdom.
Gene expression levels are subject to gross regulation as well as fine-tuning.
Internal and external sources of noise are superimposed on top of transcriptional
control mechanisms. Data mining of transcriptomic and epigenomic measure-
ments yield insights into general principles of regulation of gene expression.
Control of expression levels is exerted through a combination of transcription
factors against a background of repression by nucleosomal histones. We have
analyzed to what extent the intrinsic DNA binding preferences of yeast TFs and
histones play a role in determining nucleosome occupancy, in addition to
nonintrinsic factors such as the enzymatic activity of chromatin remodelers
(Charoensawan et al., Mol. Cell, 2012).
Transcription factor and epigenetic control in animal cells gives rise to two
major expression levels, which vary by roughly one to two orders of magnitude.
This gives rise to bimodal distributions of gene expression levels in cell popu-
lations (Hebenstreit et al., Mol Sys Biol., 2011). Analysis of histone modifica-
tions by ChIP-seq indicates that activating modifications such as H3K9/14ac
and H3K4me3 are involved in this ‘digital’ expression switch (Hebenstreit et
al., Nucleic Acids Res, 2011).
These findings have broad implications for the analysis RNA-seq and ChIP-seq
data, and for the understanding of the regulation of gene expression in eukary-
otic cells.
Platform: Imaging & Optical Microscopy -
Technology
2742-Plat
Reductive Caging enables Ultra-Bright Photoactivatable Fluorophores for
Superresolution Imaging
Joshua Vaughan, Shu Jia, Xiaowei Zhuang.
Harvard University, Cambridge, MA, USA.
FromGFP to intracellular sensor dyes, developments in fluorescent probes have
been major driving forces in imaging-based biological research. Recently, pho-
toswitchable fluorophores have enabled super-resolution imaging based on the
sequential localization of individual fluorescent molecules (STORM, PALM,
etc.), such that researchers may now use widely available commercial instru-
mentation to study biological structures at ~20-50 nm distance scales.
We report a chemical strategy for fluorophore caging by reduction that creates
photoactivatable fluorescent probes with ultrahigh photon yields. The caging
process is achieved simply and rapidly by treating a labeled sample with an
aqueous reducing agent to convert the fluorophores to a long-lived reduced
and nonfluorescent form. Upon photoactivation, these probes can provide up
to 1,700,000 detected photons per photoswitching event and allow localization
precision as high as 1-2 nm. The photon yield is 2-3 orders of magnitude higher
than previously available photoswitchable/photoactivable probes. The im-
proved image resolution allows biomolecular structures previously unobserv-
able by super-resolution fluorescence microscopy to be resolved now. The
novel reductive caging and photoactivation method is broadly applicable to
many fluorophores spanning the visible spectrum.
2743-Plat
Developing Photoactivatable Fluorescent Proteins for Diffraction-Limited
and Superresolution Imaging
Pingyong Xu, Xi Zhang, Mingshu Zhang, Tao Xu.
Institute of biophysics, Beijing, China.
Photoactivatable fluorescent proteins (PAFPs) are molecules that switch to
a new fluorescent state in response to specific light activation, and play vital
roles in super-resolution imaging. There are three classes of PAFPs: dark-to-
bright photoactivators (PAFPs), irreversible photoconverters (PCFPs), and re-versible highlighters (RSFP). However, compared to traditional fluorescent
proteins (such as GFP or RFP), only limited PAFPs are available for super-
resolution microscopy.
Previously, we developed several novel PAFPs, mGeos, with various switching
rates, photon numbers and brightness1. And based on the crystal structure of
green state mEos2, we evolved two truly monomeric and bright RSFPs,
mEos3.1 and mEos3.2, with the good photochemical properties including rapid
maturation rate, high photon budget and extremely high labeling density2. Here
we present new generation of mGeos2 which are true monomeric PAFPs. These
novel fluorescent proteins are suitable for both single color and dual color
PALM superresolution imaging, and have a broad brand of applications in
traditional fluorescence microscopy such as dynamic tracking and pulse chase
labeling of proteins.
1. Chang H, ZhangM, Ji W, Chen J, Zhang Y, Liu B, Lu J, Zhang J, Xu P, Xu T,
A new series of reversibly switchable fluorescent proteins with beneficial
properties for various applications, Proc Natl Acad Sci U S A. 2012 Mar
20;109(12):4455-60.
2. Zhang M, Chang H, Zhang Y, Yu J, Wu L, Ji W, Chen J, Liu B, Lu J, Liu Y,
Zhang J, Xu P, Xu T. Rational design of true monomeric and bright photoacti-
vatable fluorescent proteins. Nat Methods. 2012 May 13;9(7):727-9.
2744-Plat
Resolft Nanoscopy in Life Sciences: Unraveling Fine Details with Low
Light Levels
Ilaria Testa, Nicolai Urban, Katrin Willig, Stefan Hell.
Max Planck Institute, goettingen, Germany.
Lens-based fluorescence microscopy, which has long been limited in resolution
to> 200 nanometer by diffraction, is rapidly evolving into a nanoscale imaging
technique. Here, we show that emergent RESOLFT fluorescence microscopy
enables fast and continuous imaging of sensitive, nanosized features in living
brain tissue. using low intensity illumination to switch photochromic fluores-
cent proteins reversibly between a fluorescent ON-state and a non-fluorescent
OFF-state, we obtained more than a 3-fold increase in all three spatial dimen-
sions over that of confocal microscopy. Dendritic spines located 10-50 mm deep
inside living organotypic hippocampal brain slices were recorded for hours
without signs of degradation. using a fast-switching fluorescent protein
increased the imaging speed 50-fold over reported RESOLFT schemes, which
in turn enabled us to record spontaneous and stimulated changes of dendritic
actin filaments and spine morphology occurring on time scales from seconds
to hours.
2745-Plat
SW 2PE-STED Nanoscopy
Paolo Bianchini, Benjamin Harke, Silvia Galiani, Giuseppe Vicidomini,
Alberto Diaspro.
Nanophysics, Istituto Italiano di Tecnologia, Genoa, Italy.
With this work we present a new approach to two-photon excitation - stimu-
lated emission depletion microscopy (2PE-STED), exploiting the very same
wavelength for excitation and depletion [1]. It is well known that two-photon
excitation (2PE) fluorescence microscopy is a technique particularly suitable
for three-dimensional (3D), deep tissue and in vivo imaging applications. Since
2009, 2PE microscopy has been proposed coupled with stimulated emission de-
pletion (STED) technique, bringing the super-resolution ability to the multi-
photon excitation technique [2, 3].
Unfortunately, the use of two distinct wavelengths for excitation and depletion
requires mostly a special optical filter design to make the setup invariable in
terms of the choice of the marker dye and potential light beam distortions
have to be treated separately. Working with only just one wavelength for exci-
tation and STED one would directly simplify the imaging formation scheme.
We propose an imaging method to perform 2PE-STED imaging using a single
wavelength (SW) and, consequently, the very same laser source for 2P excita-
tion and depletion. We show that this method allows super-resolved imaging
using a standard fluorophore like ATTO647n achieving a resolution below
80nm. Therefore it allows an easy coupling to a conventional commercial con-
focal microscope. The SW 2PE-STED nanoscopy is a promising technique to
better actively control distortions when imaging thick highly scattering speci-
mens, it will allow foreseeing advances in the imaging of thick specimens at
nanoscale resolution.
[1] P. Bianchini, B. Harke, S. Galiani, G. Vicidomini, and A. Diaspro, ‘‘Single-
wavelength two-photon excitation-stimulated emission depletion (SW 2PE-
STED) superresolution imaging’’, PNAS 109, 6390-6393 (2012).
[2] G. Moneron and S. W. Hell, ‘‘Two-photon excitation STED microscopy,’’
Opt Express 17, 14567-14573 (2009).
